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 & Maria Angélica Miglino
ABSTRACT
Background: The bovine yolk sac derives from visceral endoderm and its development occurs between days 18-23 of 
gestation. The study of this membrane is important for comparative data and has already been performed in rodents, sheep 
and in cattle, especially Bos taurus. In species Bos indicus the yolk sac has not quite been studied and is believed that there 
are morphological differences between these species. The yolk sac undergoes a process of involution and degeneration 
during embryonic development and none vestige of it is found in late gestation. The period in which occurs the involution 
of the yolk sac coincides with the period of increased pregnancy loss in cattle, and changes in the morphology of this 
membrane may indicate the reasons for such high loss rates. Thus, considering that the yolk sac is important for embryonic 
circulation and metabolic transmission, besides participating actively in the process of cattle placentation, this study aimed 
characterize morphologically the involution of the bovine yolk sac.
Materials, Methods & Results: The early gestational period was determined between days 20 and 70 post-insemination 
(p.i), according to the exterior characteristics of embryo/fetus. For macroscopic analyzes the uterus was dissected to expose 
the fetal membranes and subsequently the embryo/fetus was photographed. The samples were fi xed for light microscopy 
and transmission electron microscopy. The yolk sac that emerges from the ventral part of the embryo was prominent and 
composed by a central part with two thin peripheral projections of different lengths. The bovine yolk sac with about 9 cm on 
day 25 p. i. of pregnancy permanently decreased its total length during this study. Histologically, the yolk sac is composed 
of three cell layers: the mesothelium, the mesenchyme and the endoderm. In mesenchyme are found blood islets. In the 
endoderm are formed cells invaginations toward the mesenchyme originating small canaliculi. The ultrastructure of yolk 
cells presented many mitochondria, rough endoplasmic reticulum, vesicles, euchromatin and the presence of two nucleoli. 
Discussion: The real fi rst blood circulation in the bovine is attached with the development of yolk sac, differently from 
other membranes, such as the corium, that does not present evidence of vascularization by the age of 20-30 days. The 
erythroblasts found in the yolk sac are related to vasculogenesis and the process of differentiation of blood cells during 
the erythropoiesis. It could be observed on the histology of the yolk sac, in embryos of 30-50 days old, the presence of 
canaliculi and small folds of the epithelium. The canaliculi collapse is associated with the degeneration of the endoderm 
wall of the yolk sac. The organelles present in the endoderm cells of the yolk sac are associated with the function of pro-
tein metabolism and in the exchange of substances between the mesenchyme and the mesothelium. For these fi ndings, 
could be observed that the yolk sac epithelium is found active until the 50th day of gestation, and thereafter regresses. 
However, remnants of this membrane may be present until the 70th day. These features may represent a presence of an 
active chorionvitelline placenta in this period responsible for the maintenance of pregnancy whereas the chorioallantoic 
placenta is not defi nitively established.
Keywords: Bos indicus, bovine, placenta, embryo, fetus, yolk sac, early gestation.
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INTRODUCTION
The yolk sac morphology or function has been 
previously studied in rodents [6,7,14,16,17]. Moreover, 
these studies were described in domestic animals such 
as sheep and cattle [19]. Especially in cattle, studies re-
lated to their morphology were reported in Bos Taurus; 
however, it not has been elucidated in Bos indicus. The 
gestation length of Bos indicus cows (284 days to more 
than 300 days) is longer than Bos taurus cows (280 to 
285 days) [3,4,18]. However, not much has been known 
regarding the differences between extra-embryonic 
membranes between these two bovine species.
The bovine yolk sac develops from days 18 to 
23 post-insemination (p. i.), when the embryo converts 
from a trilaminar disc into a cylindrical body [24]. 
This process occurs during gastrulation, in which the 
yolk sac derived from visceral endoderm or hypoblast. 
[5,20,22]. The study of the yolk sac and the other extra 
embryonic membranes of ruminants become mainly 
relevant for further comparative data. It is known that 
embryos from IVF are more effective than cloned 
embryos. Thus, the morphological changes in the yolk 
sac may represent a key to elucidate the high rates of 
embryonic loss, since this membrane is functional in 
the bovine placentation [10,15]. 
The involution of bovine yolk sac occur dur-
ing the period in which the defi nitive chorioallantoic 
placenta is formed around the 40 days of pregnancy, 
and can be associated with embryonic losses on this 
period of transition [1,2,20]. 
This is a descriptive study from different 
stages of bovine embryogenesis describing the struc-
ture and ultrastructure of the yolk sac. Our goal was 
to characterize morphologically the involution of the 
bovine yolk sac.
MATERIALS AND METHODS
 Sample Collection
The samples were collected at a slaughterhouse 
located in Dracena, São Paulo, Brazil. Immediately 
after the slaughter, each uterus was removed and the 
conceptus was taken to examination. 
 Gestational period determination
The early gestational period between days 20 
and 70 p. i. of pregnancy was stipulated according to 
the exterior characteristics of embryo/fetus greatest 
length (GL) [23], as well as developmental morphol-
ogy of embryonic/fetal membranes [2]. Based on the 
established criteria the embryos and fetuses were 
included in six day-groups of pregnancy: 20 to 25 (n 
= 26), 25 to 30 (n = 23), 30 to 40 (n = 25), 40 to 50 (n 
= 24), 50 to 60 (n = 21), 60 to 70 (n = 22)
Macroscopic analysis
The entire process of the macroscopic material 
for the present study was photographed to analyze the 
structural characteristics. For this purpose was used 
a photographic camera1. The illumination was pho-
tofl ood light (250 Watts) from up to down and blue 
counter light (40 Watts) from down to up through a 
glass container, with the specimen in water immersed 
therein. The uteri were collected and the uterine horns 
opened as well as dissected at its dorso-antimesome-
trial line in order to expose the embryonic/fetal mem-
branes. The GL of embryo and fetus, respectively, was 
determined and its weight estimated using an analytical 
scale (0.001 to 200 g). The specimens were fi xed in 
10 % formaldehyde in order to solidify the tissue, and 
for histological use.
Processing for light microscopy
The fetal membranes and embryos were 
reduced and placed in a fi xing solution of 4% para-
formaldehyde in a saline phosphate solution (PBS). 
After fi xation, the material was dehydrated in a series 
of ethanol of increasing concentrations (from 70 to 
100%) and diaphanized in xylol, followed by inclusion 
in Paraplast®2. Cuts 5 µm thick were made and stained 
with hematoxylin-eosin (HE), periodic-Schiff acid 
(PAS), and toluidine blue. The slides were mounted, 
and after analyses, photomicrographs were made (light 
microscope Leica DM2500).
Processing for transmission electron microscopy - TEM
The yolk sac was previously fi xed in 2.5% 
glutaraldehyde3 in a phosphate buffer of 0.1M, pH 7.2. 
After the membranes were individualized, fragments of 
the yolk sac were obtained separately. When fi xation 
ended, the material was washed in a sodium phosphate 
buffer of 0.1 M, pH 7.4, three times during ten minutes 
and post-fi xed in 1% osmium tetroxide2 (4% Osmium 
tetroxide w/w solution in water) for 1 h. After being 
washed again in a phosphate buffer, the fragments of 
membrane were dehydrated in ethyl alcohol at 50%, 
70%, 90% and 100% and washed in propylene oxide3 
(Propylene oxide EM Grade). 
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For 12 to 16 h, the membrane fragments re-
mained under rotation in propylene oxide and Spurr 
resin in a ratio of 1:1 (Spur’s kit-Electron Microscopy 
Sciences, Co. USA). Afterwards this mixture was 
replaced in pure resin for 4 to 5 h. After this period, 
they were imbibed with pure resin in molds. Once 
it was embedded, the membranes remained in an 
incubator at 69ºC for 72 h to consolidate the resin 
polymerization.
With the purpose of locating and character-
izing the areas of interest, the blocks were cut using 
an ultramicrotome Leica ULTRACUT UCT®. Semi-
thin sections (1µm thick) were obtained containing 
0.25% of Toluidine blue for observation under light 
microscope.
The ultrathin sections, about 60 nm thick, 
were collected on copper grids and contrasted with 
2% uranyl acetate in distilled water for 5 min and by 
lead citrate 0.5% in distilled water during 10 min. The 
observations and electron micrographs were performed 
using electronic microscope ZEISS EM-94S2 and 
JEOL CX-II-100.
RESULTS
The external macroscopic characteristics as 
well as yolk sac length of embryo/fetus were pre-
viously described in published research [2]. From 
days 20 to 30 p. i., the embryonic membranes, with 
exception of the amnion including the embryo, were 
transparent and wrinkled and macroscopically not 
easy to detect. From days 30 to 50 p. i., the outer 
chorioallantoic membrane of conceptus was presented 
slick being pressured out of the uterus. After days 50 
to 70 p. i., this “elapse” didn’t happen anymore. Due 
to this phenomenon the conceptuses had to be collect 
at different periods.
The embryo with 0.60 cm GL, 25 p. i., (Figure 
1) shows, macroscopically distinct the yolk sac and a 
central portion, from which two projections are particu-
larly visible by their content of blood vessels.  The plan 
to cuboidal endodermal epithelium became visible by 
the characteristics cells, which showed isolated from 
each other, and also as a specifi cally large binucleated 
one. It was observed that the blood islet formed in the 
mesenchyme by the detection of dark cells and a large 
nucleus. In comparison, the capillary showed a distinct, 
“mature” endothelium (Figure 2). 
Figure 2. Yolk sac histology - projection part (A) and central part (B) - 
corresponding to the embryo in Figure 1. A: The cuboidal to compressed 
endodermal epithelium (CEE), presence of large and binucleated cell (BC). 
B: The capillary with three erythroblasts (asterisks). HE. [Bar: 20 µm].
Figure 1. Embryo - 0.60 cm GL, 25 days. Central part (YC) of the yolk sac, 
two projections extends (YP) and blood islets (clear stipples). The allantois 
(AL) (arrows). The arrows show blood vessels in the ventral portion of the 
embryo. The vessels are from the chorion which was removed [Bar: 1 cm].
 
On the edge of the embryo yolk sac with 0.71 
cm GL, 26 p.i, the endodermal epithelium became 
cuboidal to columnar by the shape of is cells, therefore 
the localization of this edge is apically each other or 
merely have a gap between the yolk sac and the lumen. 
Erythropoiesis is visible in small vessels and in a niche 
vessel. Some of the vessels contain small amount of 
erythroblasts, which do not represent blood islets, 
but the existence of blood fl ow. Mesothelial cells are 
distinct in this embryo (Figure 3).
Figure 3. Projection of embryo yolk sac histology - 0.71 cm GL, 26 days. 
The endodermal epithelium presented cuboidal to columnar cells. The 
erythropoiesis is visible in a cluster of blood vessels (arrows). Mesothelial 
cells are distinct (*). [Bar: 40 µm].
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The histology of the embryo yolk sac of - 0.95 
cm GL, 27 p.i - showed that the epithelium of it is 
composed of three layers: a single layer of endoder-
mal cells - the endoderm, lining the vitelline cavity; 
a simple mesothelial layer, aimed at exoceloma - the 
mesothelium; and a vascular mesenchymal - the mes-
enchyme, but only one layer is considered cuboidal. 
In the mesenchyme, the erythropoiesis onset became 
visible due to a group of primitive haemoblast cells. 
Still, the yolk sac showed a single layer of goblet and 
basal cells. Right below, were the basal membrane and 
a thin layer of highly vascular mesenchymal tissue. The 
blood vessels were fi lled with primitive blood cells: 
primary erythroblasts. This layer was not surrounded 
by the endothelium, and presenting also, a few red 
blood cells in the cytoplasm (Figure 4). 
In embryos with 1.03 cm GL, 30 p.i, was also 
observed goblet cells arranged in a single layer which 
rest on the mesenchyme; and, a duct in the yolk sac, 
in which the endothelial cells where very variable in 
form and size. The mesenchyme was replete with blood 
vessels and primary erythroblasts cells. Endothelium 
was already formed in two capillaries (one containing 
an erythroblast). The goblet cells and, sometimes, in 
a single layer, were presented in the yolk sac, as the 
mesenchyme, with erythroblasts, and the mesothelium. 
The lumen was presented covered by endodermal epi-
thelium. The space between the endoderm and meso-
thelium was thin and the blood vessels were different 
in size in the mesenchyme. The blood vessel with a 
distinct endothelium and pericytes was in advanced 
development stage being typical in the duct part of 
yolk sac (Figure 5). 
The central part of yolk sac (Figure 6) showed 
up replete with blood vessels and primary erythroblasts 
cells. Erythroblasts cells are found in groups, forming 
blood islets, with different vessels sizes. Some endo-
dermal cells tented to round up.
The transmission electron microscopy (TEM) 
showed the cytoplasm of vitelline cells, which exhib-
ited mitochondria, mostly located between the nucleus 
and the luminal extremity. A rough endoplasmic 
reticulum (ER) is sparsely distributed in large quanti-
ties. Small, discrete vesicles were observed throughout 
cytoplasmic region. Most of the nuclei were spherical, 
euchromatin with one or two nucleoli (Figure 7).
Figure 4. Yolk sac histology of embryo - 0.95 cm GL, 27 days. There 
are three layers, but only one layer is considered cuboidal (black arrow). 
Layer of mesenchymal cell (white arrow) located between the endoderm 
and mesothelium. HE. [Bar: 20 µm].
Figure 6. Yolk sac central part corresponding to the embryo of Figure 5. 
Three fully developed blood islets. Some endodermal cells show tendency 
to round up (arrows). HE. [Bar: 20 µm].
Figure 7. TEM of Two endodermal cells located in front of the luminal 
indentation corresponding to fi gure 5. Rough endoplasmic reticulum (ER), 
mitochondria (M). [Bar: 6 µm].
Figure 5. Yolk sac duct of embryo  1.03 cm GL, 30 days. There is a chamfer 
from the luminal side (black arrow). This epithelium almost reaches the 
mesothelium. Cells with oval nuclei and distinct cytoplasm (*) are present 
in these structure. The blood vessel with distinct endothelium and pericytes 
(white arrow). M = mesenchymal cell. HE. [Bar: 20 µm].
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Figure 8. TEM - section through the central part of yolk sac showing a 
blood islet corresponding to fi gure 6. E = endodermal cell; M = mesen-
chymal layer, EN= Endothelium without nuclei; ME = thin mesothel, Ep 
= Primitive eritroblasts. [Bar: 6 µm].
Figure 9. Embryo - 1.74 cm GL, 36 days. The yolk sac macroscopi-
cally distinctly shows the three parts of vitelline duct (VD), the central 
part (YC) and the two projections (YP, one of them was cut [*] for 
TEM–processing). Note the central part distinctly red-stained as sig-
nifying erythropoesis to be particularly in this part of yolk sac. AL= 
allantois with umbilical (ALU) and blood vessels (ALM). AM = amnion.
[Bar: 1µm].
Figure 10. A: Yolk sac histological view of the transition of the central to the 
projecting parts corresponding to the embryo of fi gure 9. The yolk sac lumen (YL) 
is fl anked by the two walls which are conspicuous not of blood islets anymore 
(compare fi gure 6). The simple endodermic epithelium is irregularly columnar 
showing dark (D) and clear (C) cells. HE. [Bar: 20 µm]. B: The semifi ne sec-
tion specifi cally shows dark and clear cells. CA = capillaries. HE. [Bar: 10 µm].
Figure 11. Yolk sac central part of embryo of Figure 10. Nearby the mesothelium 
(M) the mesenchyme shows specifi cally numerous fi broblasts (black arrow). 
HE. [Bar: 20 µm].
Still, in TEM, intercellular spaces were evident 
between the epithelial cells of endodermal yolk sac, 
and a possible opening area of the endothelial lining. 
Primitive erythroblasts were found inside the vessel 
(Figure 8).
The embryo with 1.74 cm GL, 36 p.i, presented 
macroscopically the yolk sac distinctly in three parts 
of vitelline duct, the central part and two projections. 
The central part of the yolk sac showed up in red color 
and in this particular region, is when the erythropoiesis 
may be happening (Figure 9). 
It was observed that the lumen of the yolk sac is 
surrounded by two walls which are noted not as blood 
islets anymore (Figure 10), but many small capillary 
sections which contain few erythroblasts. The endoder-
mic epithelium was presented irregularly and columnar 
showing dark and clear cells. The mesothelium, on the 
outside of yolk sac, was distinct. The mesothelial cells 
showed to be shaped fl attened and sometimes ovoid.
Central part of the embryo yolk sac is showed 
in Figure 10. The vessels were presented with primary 
erythroblasts, located inside and outside the vessels. 
The yolk epithelium along with the connective tissue 
formed a fold that projects itself into de light of the 
yolk sac resulting in canalicular structures. These folds 
were bordered by a cuboidal endodermal epithelium. 
The mesenchyme only enclosed a moderate amount of 
capillaries with small content of erythroblasts. Nearby 
the mesothelium the mesenchyme specifi cally showed 
numerous fi broblasts (Figure 11).
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In the embryo with 3 cm GL, 45 p.i the yolk 
sac was macroscopically visible. It was observed that 
the extremities become thinner and more transpar-
ent. The central region of the yolk sac resembled 
a small fl attened grain in contact with the amnion. 
An abrupt decrease in the lengths of the extremities 
and the total length of the yolk sac was seen clearly 
(Figure 12). 
The folds at 45 p.i old were very distinct 
(Figure 13). The walls of the yolk sac presented folds 
which formed small channels. In the mesenchyme, no 
erythroblasts were visualized. Also, the yolk sac was 
bordered by a cuboidal endodermal epithelium. The 
capillaries in part are extended and numerous, and 
contain some erythrocytes.
It was observed ultra-structurally in embryos with 
2.47 cm GL, 43 p.i, goblet cells rough endoplasmic reticulum 
and numerous mitochondria in the apical pole. The nucleus 
presented defi ned spherical shape by the nuclear membrane 
with evident nucleoli. On the surface was observed short 
luminal microvilli of different sizes (Figure 14). 
In the fetus with 5.6 cm GL, 56 p.i, was ob-
served macroscopically the central part of the yolk sac 
(compare the pin-head nearby). The involution of the 
yolk sac was found to be established; however, signs 
could be seen in some fetuses (Figure 15).
Figure 12. Embryo - 3 cm GL, 45 days. The yolk sac is macroscopically 
visible in part by its duct at cranial location of umbilicus (arrow) and the 
central part (YC). ALV = allantoic blood vasculature.
Figure 14. TEM of yolk sac endodermal epithelium of embryo - 2.47 GL, 
43 days. ACC = apoptotic characteristic cell. [Bar: 9 µm].
Figure 15. Fetus - 5.6 cm GL, 56 days. Yolk sac central part is visible (YC, 
compare the pin-head nearby). Note the umbilicus containing the allantoic 
vessels: the two umbilical arteries and the two umbilical veins (black arrows) 
which converge to a single one nearby the body of fetus. P = placentomes 
through the amnion and allantochorion having been prepared and partly 
removed to show the umbilical region.
Figure 13. Yolk sac central part histology of corresponding embryo in 
Figure 12. HE. [Bar: 20 µm].
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DISCUSSION
Macroscopically the yolk sac is well developed 
in the fi rst trimester of pregnancy, still remaining up 
to 70 days, when it is reduced in size. This fi ndings 
suggests that in this period this structure plays an im-
portant role for the maintenance of pregnancy, whether 
the mechanisms of maternal-embryonic exchange or 
as na organ of nutrition.
The real fi rst blood circulation in the bovine is 
attached with the development of yolk sac. The blood 
vessels of the yolk sac are not macroscopically vis-
ible, but can be visualized by the red color of blood or 
erythrocytes therein. The intensity of this coloration 
corroborates with the activity of erythropoiesis that 
probably ends between days 25 to 30 p. i. This fact, 
however, must be refi ned histologically. The blood 
vessels present fenestrations which suggests that the 
proteins are transferred to the vascular portion.
The erythroblast islet functions are poorly 
known; however, Lee et al. [12] related those functions 
to the process of blood cells differentiation during vas-
culogenesis and erythropoiesis in dogs. At embryos day 
30 to 50 p.i., observe the presence of canaliculus and 
small folds of the epithelium. The canaliculi collapse 
is associated with the degeneration of the endoderm 
wall of the yolk sac [19].
The presence of rough endoplasmic reticulum 
(RER) and mitochondria, visualized by transmission 
electron microscopy, in vitelline epithelium, is as-
sociated with the function of the protein metabolism. 
Similarly, vesicles are present in the cells cytoplasm 
of the yolk sac endoderm, which may be involved in 
the exchange of substances between the mesenchyme 
and mesothelium [12]. In fact, the endoplasmatic re-
ticulum has the role of storage for subsequent release 
of proteins, but, the functions of lipid metabolism and 
the formation of glycogen from glucose is also assigned 
to the endoplasmatic reticulum [21].
Generally in all stages, the yolk sac presents 
columnar or sometimes globous cells with large nuclei. 
Among the most evident organelles are mitochondria, 
secretory vesicles, the rough and smooth endoplas-
matic reticulum and microvilli. Those structures are 
responsible for the main function of the yolk sac which 
are nutrition through the exchange of substances, the 
production and secretion of proteins and the lipid and 
sugar metabolism. In the mesenchyme stands out the 
blood vessels with the presence of primary erythro-
blasts either internal and the outer portion in the later 
stages. The presence of such structures is an indicative 
of na active vitelline circulation that contributes to the 
functions of this membrane.
Through the performed analyzes, it was 
observed that the vitelline epithelium is active until 
day 50 of gestation, although it was present until the 
day 70 of gestation. Also, this structure presents evi-
dence of morphological characteristics of absorptive 
epithelium and protein synthesis. This activity may 
represent a presence of an active chorionvitelline pla-
centa in this period responsible for the maintenance 
of pregnancy whereas the chorioallantoic placenta is 
not defi nitively established.
CONCLUSION
The bovine yolk sac decreases in total length 
permanently during this study. In most cases, the yolk 
sac disappears completely from days 50 to 70 p.i.; 
however, vestiges of the central part of this sac can be 
observed during this time.
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